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The Target Sites on the EGF Receptor for Cbl, its negative regulator

The experiments described in the application for funding were designed to test the
hypothesis that the proto-oncogene product Cbl functions as a negative regulator of the activated
epidermal growth factor receptor (EGFR). Genetic studies in C. elegans and Drosophila
identified the Cbl homologues SLI-1 and D-Cbl as being negative regulators of EGFR-mediated
developmental events in these organisms. Observations in mammalian systems identified Cbl as
a substrate for the activated EGFR and showed that Cbl is rapidly recruited to the activated
EGFR. We have shown the N-terminal portion of Cbl encodes a novel phosphotyrosine-binding
motif (termed a tyrosine kinase-binding domain, TKB), which is capable of directly binding a
number of activated tyrosine kinases including the EGFR. More recently this portion of Cbl was
crystallized and shown to encode a novel SH2 like domain (Meng et al., 1999). Taken together
these results implicated Cbl as a candidate for mediating negative regulation of the EGFR.

This hypothesis was to be tested by defining the site(s) within the EGFR responsible for

mediating binding to the Cbl TKB domain. These mutant receptors were then to be expressed in
EGFR fibroblasts to determine if abrogation of the Cbl binding site would result in a hyper-

responsive receptor. Screening of a degenerate phosphopeptide library with the Cbl TKB
domain identified the sequence D(D/N)XpY as a preferred binding motif (Lupher et al 1997). .
A number tyros1nes in the EGFR confonn to this sequence mot1f spec1ﬁcally Y992 a’known
' 4autophosphorylat10n site and Y974 Y1068 and Y1086. Thus, mutant EGFR’s were constructed
in which these tyrosmes were mutated to phe_nylanme and the resultant constructs overexpressed B
in 293T cells. Cells were then either stirulated with EGF or left unstimulated and total cellular
extracts prepared. These were then used for in vitro binding assays todeterinine if they-were still
_ capable of bemg recogmzed by the Cbl TKB domam The result of these expenments were that

no mutant tested abrogated the Cbl TKB domam mteractlon The mutant receptors tested were
- Y974F, Y992F, Y1068F, Y1086F and: the comblnatron mutants Y974F/Y992F Y992F/ 1086F,
Y976F/1086F and Y'1068F/1086F. - oo

A However ‘two recent pubhcatlons requlred a substantlal change in the dlrectlon of the

’prOJect In my mentor s laboratory, Miyake et al. (1998) showed that Cbl functions as a negat1ve
| regulator by enhancmg the rate of degradatlon of the PDGFROt a receptor tyrosme kmase related ._
to EGFR. More drrectly, Levkow1tz and colleagues and Dr N. Lill 1 in my mentor’s laboratory :
_demonstrated that Cbl also. funct1ons as negative regulator of the EGFR by enhancmg 1ts rate of -
degradation. ‘These data, 1nd1cated that Cbl did not increase the rate at which the EGFR was

intemalized; but rather in_cre'ased -‘the‘proportion of EGFR targeted t__o endosornes and lysosomes.




Furthermore, oncogenic forms of Cbl inhibited down-regulation of the EGFR by promoting the

recycling of the internalized receptor back to the cell surface. Taken together these results

suggested that Cbl may be acting once the receptor has been internalized and possibly at the
sorting endosome stage.

Given these results, I have begun to investigate the possibility that Cbl functions as a
negative regulator of the Src family of kinases, and as such can influence the intracellular
trafficking of internalized EGFR. The Src family members c-Src, Fyn and c-Yes are widely
expressed and are activated by diverse cellular stimuli. Significantly, the tyrosine kinase activity
of all three family members is increased by EGF stimulation and Src has been shown to associate
with the EGFR and ErbB-2 (Neu) (Osherov and Levitzki, 1994; Muthuswamy et al., 1994).
Even more importantly, levels of Src family members or their activity have been found to be
significantly increased in a substantial proportion of cases of breast and colon cancer. Similarly,
an increase in Src kinase activity was detected in Neu-induced mammary tumors in a transgenic
mouse model and overexpression of Src in fibroblasts has been shown to enhance EGF induced
mitogenesis and tumor formation in nude mice (Muthuswamy and Muller, 1995; Maa et al,
1995). The striking correlation between enhanced ErbB activity and elevated Src kinase activity
has implicated the Src family of proteins as having a possible role in the generation or
_progress1on of human tumors such as breast cancer | o o '

Surprrsmgly, OVerexpress1on -of Src was also found to enhance the endocytic

-1nternahzat10n of the EGER but did not alter the half-life of the proteln (Ware et al., 1997). Thus .

‘an apparent contradlcuon exists; Src enhances m1togen1c responses initiated by EGFR, but also .
increases the rate at which the receptor is 1nt.ernahzed, which is thought to be a method. of signal
termination. A clue to understating this phenomenon'rnay come from the observation that both :
Src and Fyn are known to Tocalize to the mlcrotubual organlzmg ‘center, a site known to be
4 1mportant in the regulatron of recyclmg of protems back to the cell surface “Thus a possible
_explanation for these results is that _Src kinases enhance the mitogenic response by increasing the :
- rate of recycling of internalized receptors or by altering 'the intracellular localization of the
activated receptors and thereby prolonging the mitogenic signal. ' -
Given that Cbl 1s known to associate with Src kinases, an intriguing poss1b111ty is that Cbl
may negatively regulate the EGFR 1nd1rect1y by affectmg the kmase activity of Src kinases and
thereby increasing the proport1on of EGFR targeted for lysosomal degradat1on This possibility.
~ was m1t1a11y tested using the- Fyn tyrosme kinase in trans1ent transfect1on assays I have

Adetermmed that overexpressron of Cbl m 293T cells is capable of reducmg the proportlon of




kinase-active Fyn. Cbl is able to downregulate both wild-type Fyn and a constitutively active
mutant of Fyn in which the negative regulatory tyrosine has been mutated to phenylalanine
(FynY528F). These results were obtained by transient overexpression in 293T cells in which
two concentrations of Fyn or FynY528F expression plasmid were transfected, either alone or in
combination with a Cbl expression construct. A CD8-§ chimera was also transfected to act as an
endogenous substrate. This experiment demonstrated that expression of Fyn or FynY528F in
these cells resulted in the efficient phosphorylation of CD8-{ and the phosphorylation of an
endogenous substrate of 62kD (p62) (Fig 1). Expression of Cbl resulted in a dramatic reduction
in the tyrosine phosphorylation of Fyn, CD8-{ and endogenous p62.  Surprisingly,
overexpression of Cbl in combination with Fyn seemed to cause a reduction in Fyn protein
levels; this is particularly evident when FynY528F was used (Fig 1, middle panel). I then went
on to test 70Z-Cbl, a transforming version of Cbl, in this assay and found that, unlike wild-type
Cbl, 70Z-Cbl did not reduce the tyrosine phosphorylation content of Fyn, CD8- or p62; in fact a
slight increase in these signals was observed (Fig 2). Furthermore overexpression of 70Z-Cbl
did not reduce Fyn protein levels even though this protein is capable of associating with Fyn
(data not shown). Finally, overexpression of Cbl has no effect on the protein levels of kinase-
dead Fyn in this assay, even though Cbl is capable of 'associ_ating with Fyn as meas_ured by
: cormmunoprecrpltatron studies (data not shown) A o - |
. - Taken together these results indicated that Cbl is capable of negat1vely regulatlng the Fyn'
tyrosine kmase-and suggested that the method of this regulation was by en_hancmg the _rate'of Fyn
protein turnover.  This was tested by a pulse-chase' experiment in which FynY528F was
expressed in 293T cells, either alone or in combination with Cbl.. Cells were pulse labeled with -
33S-methionine for 30 mmutes and the Iabeled cells Were then grown in normal medlum A
' (supplemented w1th excess non-rad1oact1ve methlomne) for the mdrcated chase tlmes Fyn

‘ protern from these cells was isolated by 1mmun0precrp1tat10n separated by SDS PAGE and_

.-transferred to PVDF membrane. Fyn protein was v1sual1zed by exposing the membrane to X-ray .-

film and. the signals quantlﬁed by Phosphorlmager (Flg 3) This experirnent clearly
: demonstrated that Cbl expressron reduced the half life of Fyn (T1/2—570 min wrthout Cbl

T, /2—140 with Cbl)
" These results clearly demonstrate that Cbl 1s capable of negatrvely regulatmg the Fyn .

' tyrosme kmase and that this effect is medrated at least m part by Cbl enhancmg the rate at R

which act1vated F yn is degraded The quest1on then arises: is the increase in protein turnover the

result of Cbl directly promoting degradatl_on or an indirect effect_caused by Cbl downregulatmg )
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the kinase activity. Initial experiments using in vitro kinase assays suggest that Cbl has no effect
on the kinase activity of Fyn and that Cbl regulates Fyn primarily by increasing Fyn degradation.
A number of previous reports have identified Cbl as being a substrate for and interacting with
Src and so I intend to extend this study be deterring if Cbl is capable of also regulating Src.
The modified longer terms goal of this project are to determine if:
e Src or Fyn overexpression alters the proportion of activated EGFR targeted for

lysosomal degradation and/or its subcellular distribution

Determine if Cbl inhibition of Src kinases alters the subcelluar localization of the
EGFR.
To characterize the compartment in which activated EGFR is localized as a result of
its interaction with Src family kinases as this represents a novel intracellular location
where crucial positive signals are transmitted by ErbB receptors.
These possibilities will be initially tested by transient overexpression of Src or Fyn in Cos cells
and determining if these proteins alter the trafficking or localization of endogenous EGFR. This
will be performed by subcellular fractionation of cells followed by western blotting of these
fractions. Confocal microscopy will be used to complement the fractionation studies.
Cbl and its mutants will then be used in this transfectlon system to determme if Cbl negatlve
regulation of Src or Fyn influences the trafficking or locahzatlon of EGFR. '
This line of mvestlgatlon is partrcularly excrtmg since receptor 1ntemahzat10n 1s currently
thought to result in the termmatlon of srgnalmg from receptor tyrosme kinases. ThlS study may |

modlfy the current paradigm of receptor tyrosine kinase srgnahng and allow the de51gn of novel

: therapeutrc agents, Wthh 1nﬂuence the rate at Wthh EGFR and other ErbB famrly members are

1ntemahzed and degraded
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Figure 2. The transforming protein 70Z-Cbl does not reduce Fyn
protein levels or affect phosphorylation of in vivo Fyn substrates.
203T cell fectod with pSR CDS-¢ (0 d 293T cells in 100 mm tissue culture dishes were transfected with
the ingiecaie‘ge:;cfriz f)(;t;A::elrM%X Octgflg‘;ructs -gn(cc;iililgg) l?;n p.SRomeo-CDS-CI 051 g),. th? indic.:ated amounts of pAlterMAX-Fyn,
. . either alone, or in combination with 1ug of pAlterMAX-HA-Cbl or
or FynY528F, with or without pAlterMAX-HA-Cbl (l.p.g). At pAlterMAX-HA-70Z-Cbl expression construct. Cell lysates were
48 h after transfection, cells were lysed and 15ug aliquots of prepared 48 h after transfection, and 15ug aliquots were resolved by

cell lysate were resolved by SD.S'PAG,E > .transferre‘d to'PVDF SDS-PAGE. The polypeptides were transferred to PVDF membrane
membrane and immunoblotted with the indicated antibodies. and immunoblotted with the indicated antibodies.

Figure 1. Overexpression of Cbl reduces the activity and
amount of coexpressed Fyn or FynY528F.
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Figure 3. Cbl overexpression enhances the turnover of FynY528F protein as determined by metabolic pulse-chase analysis.

293T cells in 100 mm tissue culture dishes were transfected with pAlterMAX-FynY528F (0.1 ug) with or without the pAlterMAX-HA-Cbl
expression construct (1 pg). At 48 h post-transfection, cells were methionine-starved for 1h and then were pulse-labeled with ¥S-
methionine for 45 min. Pulse-labeled cells were chased in culture medium supplemented with methionine for the indicated times, and cell
lysates were prepared. Anti-Fyn immunoprecipitates from 300pg aliquots of cell lysates were resolved by SDS-PAGE and transferred to
PVDF membrane. Labeled Fyn protein was visualized by exposing the membrane to X-ray film for 24 h (top left). The membrane was
then immunoblotted with an anti-Fyn antibody (left bottom). The membrane shown left was used for quantification of **S-labeled Fyn on
an FLA-2000 Phosphorlmager. The values at various chase times are expressed as a percentage relative to *S-Fyn signals at time 0. The
line of best fit was calculated using Microsoft Excel.
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